Aim-To determine whether elective direct current (dc) cardioversion of atrial fibrillation/flutter causes myocardial damage. Methods and results-Cardiac troponin T and creatine kinase were estimated 20-28 hours after dc cardioversion in 51 patients who received dc shocks for elective cardioversion of chronic atrial fibrillation/ flutter. Although creatine kinase was raised in 44 patients, cardiac troponin T was undetectable in all patients. Conclusion-Cardiac damage does not occur as a result of cardioversion. (Heart 1998;80:229-230) Keywords: cardioversion; troponin T; creatine kinase; atrial fibrillation Direct current (dc) cardioversion 1 revolutionised the management of cardiac arrhythmias. However, before the standardisation of outputs from external defibrillators there was controversy about the most appropriate strength of current to be used.
Direct current (dc) cardioversion 1 revolutionised the management of cardiac arrhythmias. However, before the standardisation of outputs from external defibrillators there was controversy about the most appropriate strength of current to be used. 2 Animal experiments have suggested that repeated high energy dc shocks result in myocardial damage. 3 4 In humans, dc cardioversion causes a rise in the concentration of creatine kinase and its MB subfraction. [5] [6] [7] This observation, along with the electrocardiogram (ECG) changes (repolarisation abnormalities) sometimes seen after dc cardioversion, led to the suggestion that dc cardioversion causes myocardial damage. Most of the creatine kinase released after cardioversion comes from the chest wall skeletal muscles, 8 which also liberate the MB subfraction. Therefore, the extent that emergency dc cardioversion contributes to raised creatine kinase or its MB isoenzyme is unclear. The belief that myocardial damage might result from higher strengths of current may also have influenced recommendations about the choice of current strength. It remains uncertain whether dc cardioversion does actually cause myocardial damage.
Cardiac troponin T is a cardiac specific protein component of the troponin/tropomyosin complex. 9 A rise in serum troponin T concentrations is specific for cardiac damage. It remains raised for up to 48 hours after myocardial injury, thus providing a wide time window. 9 Currently available data suggest that the kinetics of cardiac troponin T release from acutely damaged myocardium are identical whatever the cause of damage. 10 Our study was undertaken to determine whether there was any evidence of myocardial damage after elective dc cardioversion of atrial fibrillation/flutter by measuring concentrations of cardiac troponin T in patients undergoing dc cardioversion.
Methods
Fifty one consecutive patients undergoing elective dc cardioversion for atrial fibrillation/ flutter were entered into the study. None had chronic renal failure, acute myocardial infarction, or skeletal muscle disease. As described previously, 11 dc shocks were administered in increasing strengths of 100 J, 200 J, 300 J, and 360 J (only one shock of each strength), until either sinus rhythm was restored or 360 J was applied.
A blood sample was taken 20-28 hours after dc cardioversion. Samples were centrifuged and analysed or frozen at −70°C until analysis (all analyses were performed within two weeks). Cardiac troponin T was estimated by enzyme linked immunosorbent assay as described previously. 9 The relation between shock strength and the myocardial marker was determined by the Spearman rank correlation coeYcient.
Results
Of the 51 patients, 40 were men. The median age was 66 years (range, 40-83; lower quartile, 61; upper quartile, 69). Twenty eight received a total current strength of 960 J, six received 600 J, one received 400 J, 11 received 300 J, and five received 100 J (median, 960 J; lower quartile, 100 J; upper quartile, 960 J). Sinus rhythm was restored in 33 patients. Cardiac troponin T was not detected in any of these patients (lower limit of the troponin T assay is 0.05 µg/l) but creatine kinase was raised in 44 patients. There was a strong correlation between cumulative current strength and the serum concentration of creatine kinase (fig 1) . The Spearman rank correlation coeYcient rs was 0.7347 (95% confidence intervals (CI) 0.5757 to 0.8402; p < 0.0001).
Discussion
Animal experiments have demonstrated both histological and biochemical evidence of myocardial damage after dc cardioversion. 3 4 However, in these studies, large strengths of current were used repeatedly. In humans, the strength of current delivered by the defibrillator has been standardised, and is considerably lower than the strengths used in animal experiments.
Studies in man have consistently demonstrated raised creatine kinase concentrations after dc cardioversion. [5] [6] [7] Most of the creatine kinase is released from the pectoral muscles. 8 The MB subfraction of creatine kinase is raised in a smaller number of patients. This finding, along with the observation that post-dc cardioversion ECGs demonstrate repolarisation changes in some patients, 12 has led to the belief that myocardial damage might occur after dc cardioversion. Small amounts of the MB subfraction are also released from the skeletal muscle. Therefore, the specificity of creatine kinase and its MB subfraction in the detection of myocardial damage after dc cardioversion is limited, as is their value for the diagnosis of acute myocardial infarction in patients who receive dc cardioversion at or soon after admission.
Cardiac troponin T has emerged as a marker of high sensitivity and specificity for the detection of myocardial damage. 9 Previous experience in patients with acute myocardial infarction has shown that it is raised for up to 48 hours after initial myocardial injury. 9 This provides a large time window for detection. Currently available data suggest that the kinetics of cardiac troponin T release from acutely damaged myocardium are identical whatever the cause of damage. 10 A rise in cardiac troponin T does not result from skeletal muscle damage. 13 14 In the present study, cardiac troponin T was not detected after dc cardioversion in patients receiving a standard strength of current. Therefore, myocardial damage does not result from elective dc cardioversion. It is likely, therefore, that any rise in cardiac troponin T seen after dc cardioversion is a result of myocardial injury unrelated to the cardioversion.
Similar results have been obtained in a recent study using cardiac troponin I, 15 which, like cardiac troponin T, is a cardiac specific marker of equally high sensitivity and specificity. 16 In our study, more than half of the patients were successfully cardioverted. Success of dc cardioversion of atrial fibrillation is highly variable 11 and is usually related to patient selection. Some have suggested that the use of anteroposterior electrodes and a second shock at 360 J might be useful for improving success rates. 17 In conclusion, dc cardioversion using standard current strengths does not cause myocardial damage. 
